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Abstract. Patients with neuromuscular diseases undergo frequent motor as-
sessments. The MFM scale (Motor Function Measure) is a validated scale for 
all neuromuscular diseases. Tasks 18, 19, and 22 have the potential to have a 
digitized version on a Tablet. This article proposes to digitalize a first version of 
items 18, 19 and 22 based on MFM. The results show that the scores were simi-
lar for the Tablet version and the paper version. 
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1 Introduction 
Neuromuscular disorders include a diverse group of diseases that cause muscle 
weakness and atrophy, leading to motor impairment of varying intensity [1]. Patients 
with significant motor loss progressively presented atrophy of distal predominance, 
significant deformity of the feet bilaterally and often weakness of the hand muscles 
which may limit daily life activities influencing quality of life [2]. 
The motor assessment of patients with neuromuscular disorders should be per-
formed frequently, and the MFM - Motor Function Measure is an assessment applica-
ble to all neuromuscular diseases, developed to highlight the clinical course of the 
patient and the patients therapeutic effects [3, 4, 5]. Although the motor assessment 
scales are practical and easy to apply. These measurement instruments present the 
disadvantage of the lack of accuracy of the score given during the exercise [6]. The 
kinematic study of human movement is an ongoing research topic that plays a key 
role in understanding musculoskeletal pathologies, mild traumatic brain injury, ergo-
nomics, and athletic performance [7]. The technology applied to medicine has revolu-
tionized the processes of diagnosis and treatment of diseases, with the aim of improv-
ing and prolonging the life of patients, as well as simplifying and accelerating the 
work of health professionals. With the development of tablet and Smartphone tech-
nologies, these devices have become not only very popular but also have a growing 
potential for hand therapy applications. Applications on the Tablet allow access to 
                                                          
 
2 Institute of Engineering Univ. Grenoble Alpes 
fine motor skills and are easily customizable based on user need. In this way, this 
article proposes to validate the user-centered tablet technology for an MFM based 
hand motor assessment. This step allows identifying the needs and expectations of the 
therapist and the patient. 
2 Review 
Currently, the most effective tools for capturing hand movement are 
electromechanical devices or magnetic sensors (data gloves) [8, 9, 10, 11]. Despite the 
great accuracy of the data they have the disadvantages in terms of occasional use 
because they are very expensive, they hinder the natural movement of the hand and 
require complex calibration and configuration procedures to obtain accurate 
measurements. 
With the recent arrival of 3D infrared sensors, devices like Microsoft Kinect 
and Leap Motion can recognize body gestures, allowing a new, more natural and 
intuitive, form of interaction than previous solutions. For applications that require 
only hand movement recognition, Leap Motion is one of the best options. According 
to [12], for a measurement and correct hand detection with Leap Motion, the fingers 
of the hand should be visible and separate. The hands should not be in contact with 
each other and the "broken wrist" hand posture is not recommended. The hand should 
always be maintained in wide and fluid movements, which limits the studies with 
neuromuscular patients.  
The tablets arrived in early 2010 with the launch of Apple's famous IPad. They 
have been widely accepted by the public and became a technological trend for years 
to come. The tablet is a portable computer with a user interface built around a screen. 
Its multi-touch display makes the device responsive to various taps and has the poten-
tial to develop specific applications for patients with motor disabilities. Another ad-
vantage of using this technology is the ability to develop different applications (soft-
ware) based on user needs, since they have open platforms providing the creation of 
specific applications and motivating users.  
In the medical context, Tablet research has shown a potential applicability in the 
treatment of the hand of patients with Parkinson's disease and patients with sequelae 
of stroke [13, 14]. Applications developed for strength and dexterity training were 
considered effective and motivating for young patients [15]. While not making direct 
measurements, dexterity can be judged by the quality of the line left on the screen. 
The speed, acceleration and execution time of the drawings / tasks can also be related 
to the degree of loss of functionality of the hands [16].  
In the MFM scale, 6 items are defined to evaluate the distal motricity of the 
upper limbs. Three of these items (item 18, item 19 and item 22) have been selected to 
be performed on the screen of a Tablet. The purpose of this research is to verify if the 
realization of these items through the Tablet would cause great changes in the MFM 
protocol, which has already been validated with the use of simple materials like paper, 
pencil and a CD [17, 18].  
3 Material and Method 
3.1 Choice of technology 
The Tablet selected for the development of the application has a Multi touch 
screen. Its advantages are the use of a lightweight precision pen and physical 
attributes such as screen area and thickness. Storage, processing capacity and price are 
also considered. 
3.2 Software 
Software development is based on the tasks that must be performed in the three 
MFM items, considering the initial phase, the objects needed to perform the task and 
the rules. In MFM, the patient has the right to make 2 attempts for each item. The 
therapist's requirement for simple and fast interfaces were also considered. 
3.3 Measured 
Patients with neuromuscular diseases were included in the study by the physi-
cian during the follow-up visit to 3 France assessment centers. Patients have the right 
to object the participation in the study. If the patient is a minor, he will be informed 
with his parents about the study. During the proposed MFM assessment, patients 
would perform items 18, 19, and 22 twice: once in the conventional manner and the 
other on the Tablet. The order of execution between the paper support and the support 
of the digital tablet was made at random, fixed by the software created. The therapists 
who were part of the study were informed of the protocol and procedures with the 
Tablet. 
4 Results 
4.1 The Tablet 
An investigation was conducted to make the choice of the Tablet. For this 
study, ASUS Zen Pad 3S 10 was chosen. It passed in multi-touch tests made by the 
Android Multi Touch Benchmark Test application, which shows all touch screen in-
formation (size, pressure, location and number of touches). The price is reasonable 
compared to its technology. This tablet allows you to use the Z Stylus precision pen. 
4.2     Software development 
A first version of the software was developed based on the MFM evaluation 
process. A protocol of measures was developed by the therapists from Lyon, France, 
and several modifications were suggested to make the software easy and quick to use. 
Many changes have been made to avoid improper use of buttons and remedy the limi-
tations of technology. 
In the final version of the interface, the therapist can modify the position of the 
drawing according to the patient's need. Only in item 19, the patient's drawn dashes 
on the screen are visible to avoid influencing the note. A clear button allows the the-
rapist to erase the features of the demonstration. When validating the item, anything 
written on the Tablet screen, visible or not, will be stored in a PDF file, accessible 
outside the program. 
4.2      Measurement result with patient 
The total of 37 patients (19 females and 18 males) with NMD were part of this 
study. An overview of this population is given in Table 1. 
 
Table 1. Population under study 
Sex Female 19  
Male 18  
Diagnostic ASI  6 24,3 ± 12,6 years 
CMT 4 15,6 ± 23,8 years 
DMD 13 15,2 ± 14,3 years 
Muscular dystrophy 1 16 years 
Steinert disease  4 23± 18,87 years 
Others Myopathy 4 9 ± 26,25 years 
Others Neuropathy 5 33.76 ± 22.6 years 
ASI - Amyotrophie Spinale Infantile; CMT - Charcot–Marie–Tooth disease;  DMD - 
Duchenne Muscular Dystrophy. 
 
The evaluation given to the exercises performed on the tablet were very similar 
to the evaluation given by the traditional method (exercise performed on paper). It can 
be seen from the graphs (Fig.1) that there was more disagreement at point 19. But the 
assumption that the distribution of data is equal between groups cannot be rejected by 
any of the following: (Wilcoxon Test) p-value = 0.157> 0.05 for Item 18, p-value = 




Fig. 1. Evaluation by the therapist for the three items – sheet and tablet comparison 
5 Discussion and conclusion 
In this study, three of the 32 MFM items were proposed in a digital version in 
the Tablet, in order to first explore the potential of technology in the motor assess-
ment process. According to [19], User-Centered Design is a process of collecting user 
data in order to create important feedback for designers. In this way, identifying the 
patient's needs to support the hand on the tablet screen while performing exercises and 
writing with a lightweight and precision pen were the most important criteria for 
choosing the tablet. The pen chosen offers enough precision and its weight is compen-
sated by the flow of writing. However, the tremors are more exacerbated, and this is 
what has greatly disturbed the patients. 
When comparing the scores of the three items in paper and digital – Tablet 
versions, similarities were observed. In addition, with the line records during the ex-
ecution of the executions, the potential of the Tablet was verified as a tool for the 
therapist's assistance in the manual evaluation of MFM, which will be part of the con-
tinuation of this study. Overall application was well received and easily handled by 
patients and therapists after various modifications related to the practicality of the 
software. The child showed greater interest in performing the task on the Tablet. 
This first step of choosing the tablet and using the software was very important 
to understand the limitations of the technology and understand the demands of both 
users. User feedback helped refine the restrictions and fix some design errors. 
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